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Abstract 

In  this  paper,  the  effects  of  platinum  addition  on  the  structure  and  electrochemical  properties  of  MgNiPt  (Pt=  1.0,  2.0  and  3.0  at.%)  metal 
hydride  alloys  are  discussed.  The  ternary  alloys  were  processed  by  mechanical  alloying  and  had  their  structures  characterized  by  X-ray  diffraction, 
transmission  electron  microscopy  and  in  situ  X-ray  absorption  spectroscopy.  It  is  observed  that  the  structure  of  the  alloys  is  formed  by  amorphous 
and  nanocrystalline  phases,  with  the  size  of  the  nano-grains  close  to  5  nm.  The  electrochemical  properties  were  evaluated  by  galvanostatic  charge 
and  discharge  cycles  using  different  discharge  rates  in  the  range  of  10-80  mAg~'.  The  best  result  was  obtained  for  the  Mg490Ni49  0Pt2.o  alloy, 
which  showed  smaller  decay  of  the  discharge  capacity  as  a  function  of  the  charge/discharge  cycle  number,  retaining  64%  of  its  initial  discharge 
capacity  (364  mAh  g-1)  after  10  cycles. 

©  2006  Elsevier  B.V.  All  rights  reserved. 
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1.  Introduction 

In  the  last  years,  several  studies  have  demonstrated  that 
magnesium-based  alloys,  particularly  nanocrystalline  and  amor¬ 
phous  Mg5oNi5o-based  alloys  prepared  by  mechanical  alloying 
(MA),  are  promising  materials  for  applications  in  the  metal 
hydride  (MH)  electrode  of  Ni-MH  batteries  [1-4]  because  of 
the  larger  initial  discharge  capacity  (close  to  500mAhg_1  [5]) 
compared  to  that  of  LaNis-type  alloys  (300  mAh  g-1)  used  in 
commercial  Ni-MH  batteries.  However,  this  property  decreases 
very  rapidly  after  the  electrochemical  cycling  of  the  materials  in 
alkaline  electrolyte  due  to  the  growth  of  a  Mg(OH)2  layer  on  the 
particles  surface,  but  the  effect  can  be  decreased  after  addition 
of  other  metals,  such  as  transition  metals,  partially  replacing  Ni 
and/or  Mg  [5]. 

In  recent  papers,  the  addition  of  noble  metals  on  Mg-Ni- 
based  alloys  processed  by  mechanical  alloying  has  been  also 
reported  [6,7],  Ma  et  al.  [6]  showed  the  enhancement  of  the  elec¬ 
trochemical  properties  of  a  Mg-Ni  alloy  when  Pd  is  added  as 
alloying  element.  The  authors  reported  the  effectiveness  of  Pd  to 
diminish  the  degradation  of  the  discharge  capacity  of  the  alloys, 
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mainly  for  a  (MgNi)9oPdio  alloy,  and  this  effect  was  ascribed  to  a 
reduction  of  the  Mg(OH)2  formation  [6].  Improvement  of  elec¬ 
trochemical  properties  of  Mg-Ni-Pd  alloys  obtained  by  rapid 
solidification  was  also  reported  by  Inoue  and  co-workers  [7].  In 
this  case,  the  investigated  alloy  had  the  following  composition: 
Mg  67-Ni  23-Pd  10  (in  at.%).  The  results  have  shown  that  the 
discharge  capacities  first  decrease  and  then  increase  with  the 
increase  of  the  charge/discharge  cycle  number,  in  contrast  to  the 
large  degradation  observed  for  Mg-Ni-based  amorphous  alloys 
prepared  by  MA.  Values  of  discharge  capacities  larger  than 
500  mAh  g~ 1  at  discharge  current  densities  of  10  and  20  mA  g~ 1 
were  reported. 

In  the  present  work,  ternary  Mg-Ni-Pt  alloys  were  syn¬ 
thesized  by  mechanical  alloying  and  had  their  electrochemical 
properties  evaluated  by  galvanostatic  cycles  of  charge  and  dis¬ 
charge.  In  these  alloys,  Pt  was  partially  substituted  for  Ni  and  Mg 
in  a  binary  MgsoN^o  (in  at.%),  resulting  in  MgNiPt  (Pt  =  1.0, 
2.0  and  3.0  at.%)  alloys.  The  microstructure  of  the  materials 
was  characterized  by  X-ray  diffraction  (XRD)  and  transmission 
electron  microscopy  (TEM).  The  electronic  features  of  the  alloys 
were  assessed  by  using  X-ray  absorption  spectroscopy  (XAS) 
in  the  X-ray  absorption  near  edge  structure  (XANES)  region. 
The  investigation  of  these  ternary  alloys  was  motivated  by  the 
possibility  of  obtaining  electrodes  with  improved  properties  and 
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reduced  amounts  of  the  expensive  Pt.  The  beneficial  effect  of  this 
noble  metal  in  reducing  the  degradation  of  metal  hydride  alloys 
has  been  demonstrated  for  LaNi^-type  materials  [8,9] .  However, 
so  far  no  work  had  been  devoted  to  study  the  Pt  alloying  effects 
on  the  physical  and  electrochemical  properties  of  Mg-Ni-based 
metal  hydride  alloys. 

2.  Experimental 

The  Mg50Ni5o  and  MgNiPt  (Pt  =  1 .0, 2.0  and  3.0  at.%)  alloys 
were  processed  by  mechanical  alloying  under  Ar  atmosphere 
using  a  SPEX  8000  mixer  mill  continuously  for  6h.  Magne¬ 
sium  (chips,  20  mesh,  98%,  Aldrich),  nickel  (powder,  325  mesh, 
99.97%,  Aldrich)  and  platinum  (powder,  200  mesh,  99.99%, 
Johnson  Mathey)  were  used  as  starting  materials.  The  vial  and 
the  balls  were  made  of  stainless  steel  and  the  ball  to  powder 
weight  ratio  was  10:1. 

The  X-ray  absorption  spectroscopy  experiments  were  per¬ 
formed  on  the  XAS  beam  line  at  the  Brazilian  Synchrotron  Light 
Laboratory  (LNLS).  The  radiation  was  monochromatized  using 
Si(l  1  1)  single  crystal.  Three  ionization  chambers  were  present: 
incident  (/0),  transmittance  (7t)  and  reference  (/r)  detectors.  The 
reference  channel  was  primarily  used  for  internal  calibration  of 
edge  position,  using  a  pure  Ni  foil.  The  measurements  were 
carried  out  in  the  transmission  mode  at  the  Ni  K-edge.  Ex  situ 
XANES  measurements  were  made  for  the  uncycled  materials 
with  the  samples  consisting  of  discs  with  2  cm2  of  geometric 
area,  prepared  by  pressing  a  mixture  of  30  mg  of  the  alloy  pow¬ 
der  with  40  mg  of  Teflonized  carbon  (30  wt.%). 

The  alloys  were  also  characterized  by  X-ray  diffraction 
(XRD)  and  TEM  by  using  a  Siemens  D5005  diffractometer  (Cu 
Ka  radiation)  and  a  Philips  CM  120  microscope,  respectively. 

Samples  for  the  electrochemical  tests  were  prepared  by  cold 
pressing  a  mixture  of  100  mg  of  the  alloy  powder  with  100  mg  of 
a  blend  of  carbon  black  (Vulcan  XC-72R)  powder  with  33  wt.% 
of  polytetrafluoroethylene  (PTFE,  Teflon  T-30,  E.I.  DuPont®) 
binder  in  a  Ni  screen  with  an  area  of  2  cm2.  The  electrochem¬ 
ical  measurements  were  carried  out  in  a  three-electrodes  cell, 
with  a  Pt  counter  electrode,  an  Hg/HgO  reference  electrode 
and  6.0molL_1  KOH  electrolyte.  The  charging  current  den¬ 
sity  of  the  electrodes  was  200  mA  g-1  of  active  material  and  the 
discharging  current  densities  were  10,  20,  40  and  80mAg_1. 
The  cut-off  potential  for  the  discharge  steps  was  —0.4  V  (versus 
Hg/HgO,  6  mol  L-1). 

3.  Results  and  discussion 

Fig.  1  shows  the  XRD  patterns  of  the  Mg.soNi.io  and  MgNiPt 
(Pt=  1.0,  2.0  and  3.0  at.%)  alloys,  for  26  in  the  range  of  30-85°. 
XRD  analyses  with  a  longer  acquisition  time  per  angular  step 
were  also  carried  out  (inset  in  Fig.  1)  for  some  of  the  samples,  for 
26  in  the  range  of  1 5-60° .  As  shown  in  Fig.  1 ,  a  broad  band  can  be 
observed  (at  ca.  35-50°)  for  all  alloys,  indicating  the  presence  of 
a  predominant  amorphous  structure.  These  are  superimposed  by 
less  broadened  diffraction  peaks  (Fig.  1 ),  showing  that  nanocrys¬ 
talline  phases  are  also  present.  These  phases  were  identified  as: 
Mg2Ni,  MgNi2,  Ni  and  Pt. 


Fig.  1.  X-ray  diffraction  patterns  for  the  MgNi  and  MgNiPt  (Pt=  1.0,  2.0  and 
3.0  at.%)  alloys. 

Fig.  2  shows  the  TEM  (a)  bright-held  and  (b)  dark-held 
images  with  the  corresponding  (c)  selected  area  electron  diffrac¬ 
tion  pattern  (SAEDP)  of  the  as-milled  MgsoNiso  alloy.  The 
dark-held  image  (Fig.  2b)  shows  the  nanostructure  of  the  alloy, 
which  evidences  at  the  edge  of  the  agglomerate  the  presence  of 
particles  with  crystallite  sizes  of  approximately  5  nm.  The  pat¬ 
tern  of  rings  also  indicates  the  nanometric  grain  size  (Fig.  2c) 
of  the  alloy.  Indexing  the  SAEDP’s  allowed  the  identihcation  of 
the  tetragonal  Mg2Ni  (JCPDS  35-1225)  phase. 

Fig.  3  shows  the  TEM  (a)  bright-held  and  (b)  dark-held 
images  with  the  corresponding  (c)  SAEDP  of  the  as-milled 
Mg49.0Ni49.0Pt2.c1  alloy.  As  in  the  previous  case,  also  in  this  case 
the  dark-held  image  and  the  pattern  of  rings  (Fig.  3b  and  c) 
showed  the  nanostructure  of  the  alloy  with  crystallite  sizes  of 
approximately  5  nm.  Indexing  the  SAEDP’s  has  evidenced  the 
presence  of  the  following  phases:  tetragonal  Mg2Ni  (JCPDS 
35-1225)  and  face  centered  cubic  Pt  (JCPDS  04-0802).  Fig.  3c 
also  indicates  an  overlapping  between  Pt  and  Mg2Ni  diffraction 
rings.  Mg-Pt  intermetallic  phases  were  not  observed  and  the 
solid  solubility  of  Pt  in  Mg  appears  to  be  negligible,  although  it 
could  be  formed  as  indicated  by  its  binary  alloy  phase  diagram 
[10].  The  partial  replacement  of  Pt  for  Ni  in  the  Ni-containing 
phases,  during  the  formation  of  the  alloy,  is  also  possible  since 
these  elements  can  form  solid  solution  at  the  amount  of  Pt  uti¬ 
lized  in  present  work  [10].  Moreover,  the  incorporation  of  Pt  into 
the  amorphous  phase  can  also  occur.  However,  no  evidences  of 
such  phenomena  were  apparent  on  the  SAEDP  results. 

Normalized  XANES  spectra  in  the  transmission  mode  at  Ni 
K-edge  for  uncycled  MgsoNiso  and  Mg49.0Ni49.0Pt2.c1  alloys  and 
for  the  NiO  and  Ni  foil  standards  are  shown  in  Fig.  4.  The 
absorptions  at  the  Ni  K-edge  (Fig.  4)  are  due  to  excitations  of 
Is  electrons  to  electronic  states  above  the  Fermi  level  [11,12]. 
Due  to  the  selection  rule,  only  transitions  into  empty  p  states 
are  allowed.  Weak  quadrupole  allowed  ls-3d  transitions  may  be 
observed  as  small  pre-edge  peaks  in  the  XANES  [12]  at  ca.  0  eV. 
Theoretical  calculations  indicate  that  for  distorted  structures  a 
mixing  of  p  and  d  states  can  occur  and,  as  a  result,  transitions 
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Fig.  2.  TEM  (a)  bright-field  and  (b)  dark-field  images  with  the  corresponding  (c)  SAEDP  of  the  MgsoNiso  alloy. 
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Fig.  3.  TEM  (a)  bright-field  and  (b)  dark-field  images  with  the  corresponding  (c)  SAEDP  of  the  Mg49.oNi49.oPt2.o  alloy. 


into  the  empty  p-like  part  of  these  mixed  p-d  states  may  take 
place  [11-13],  also  explaining  the  presence  of  pre-edge  peaks 
at  ca.  0  eV.  In  Fig.  4  a  large  reduction  of  this  feature  is  seen  for 
NiO,  in  agreement  with  the  large  symmetry  of  the  NiO  cell  as 
discussed  in  a  previous  publication  [14].  On  the  contrary,  for 
the  MgsoNiso  and  Mg49.0Ni49.0Pt2.c1  alloys  (Fig.  4)  there  is  an 
appreciable  increase  of  the  pre-edge  feature,  consistent  with  the 
more  disordered  amorphous  structure  hosting  the  Ni  atoms,  as 
compared  to  the  other  two  samples.  It  is  also  seen  that  the  pres- 


Fig.  4.  XANES  spectra  in  the  transmission  mode  at  the  Ni  K-edge  for  the  uncy¬ 
cled  MgsoNiso  and  Mg49.oNi49.oPt2.o  alloys. 


ence  of  Pt  did  not  change  the  electronic  properties  of  the  Ni 
atoms  and,  by  analogy,  this  may  be  also  applied  for  Mg. 

In  Fig.  5  are  the  potential  versus  discharge  capacity  curves 
for  the  MgsoNiso  and  MgNiPt  (Pt  =  1.0,  2.0  and  3.0  at.%)  alloys 
obtained  during  the  first  charge/discharge  cycle.  The  curves  in 
Fig.  5  displayed  a  single  plateau  during  the  discharge  process, 
suggesting  that  a  unique  specie,  i.e.  hydrogen  in  hydride  phases 
undergoes  the  electrochemical  oxidation.  However,  it  is  possible 


Fig.  5.  Electrode  potential  vs.  discharge  capacity  curves  for  the  MgsoNiso, 
MgNiPt  (Pt=  1.0,  2.0  and  3.0  at.%)  alloys  at  the  first  cycle  of  charge/discharge 
in  discharging  current  density  of  20  mA  g_1 . 
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Fig.  6.  Discharge  capacity  as  a  function  of  cycle  number  for  the  electrodes 
formed  by  Pt-containing  Mg-Ni-based  alloys. 


to  observe  that  the  plateaus  are  not  flat.  The  slope  of  the  plateaus 
is  related  to  the  presence  of  multiphases  and/or  to  the  partial 
amorphous  structure  of  the  alloy,  which  is  more  disordered  (i.e. 
it  does  not  present  long  range  order)  than  the  conventional  poly¬ 
crystalline  systems.  Consequently,  there  is  a  more  broadened 
distribution  of  energy  of  the  sites  available  for  hydrogen  occu¬ 
pation  [15,16].  It  is  also  observed  that  the  presence  of  Pt  did  not 
appreciably  change  the  values  of  the  discharging  potential  at  low 
discharging  times,  indicating  little  effect  of  Pt  on  the  discharging 
reaction  kinetics. 

Fig.  6  shows  plots  of  the  total  discharge  capacity  as  a  func¬ 
tion  of  the  charge/discharge  cycle  number  for  the  MgsoNiso  and 
MgNiPt  (Pt=  1.0,  2.0  and  3.0at.%)  alloys.  It  is  noted  that  the 
values  of  the  discharge  capacities  are  significantly  dependent 
on  the  alloy  composition.  Comparing  the  results  for  MgsoNiso, 
Mg49.5Ni49  sPti.o  and  Mg49.oNi49.oPt2.o  it  is  observed  that  they 
present  similar  values  of  the  initial  discharge  capacity  (ca. 
380  mAh  g- 1 ),  but  the  addition  of  Pt  strongly  affects  the  degra¬ 
dation  rate  of  the  electrode.  For  the  alloy  with  a  larger  amount  of 
Pt  (Mg4g  5Ni48  sPts  o),  the  degradation  kinetics  of  the  electrodes 
was  also  retarded  but  this  is  accompanied  by  a  decrease  of  the 
initial  discharge  capacity.  Comparing  the  discharge  capacities 
at  the  tenth  charge/discharge  cycle,  it  is  noted  that  the  MgNiPt 
alloys  have  similar  values  of  discharge  capacity  (between  200 
and  235  mAh  g~ 1 )  while  for  MgsoNiso  the  value  is  much  smaller 
(128  mAhg-1).  After  the  fourth  cycle,  there  is  a  clear  tendency 
of  the  curves  to  reach  a  plateau,  particularly  for  the  Pt-containing 
materials,  evidencing  a  large  decrease  of  the  alloy  degradation 
with  the  progress  of  the  electrode  cycling. 

Fig.  7  shows  potential  versus  discharge  capacity  curves  for 
the  Mg49  oNi49  oPt2.o  alloy  at  the  first  charge/discharge  cycle, 
at  different  discharge  current  densities  (10,  20,  40,  80mAg-1). 
These  results  show  that  the  maximum  discharge  capacity  gener¬ 
ally  decreases  for  increasing  discharge  currents,  indicating  that 
for  low  states  of  charge  and  high  discharge  currents  the  dif¬ 
fusion  of  hydrogen  becomes  the  rate  determining  step  of  the 


Discharge  Capacity  /  mAh  g 1 


Fig.  7.  Electrode  potential  vs.  discharge  capacity  curves  for  Mg49.oNi49.oPt2.o 
alloy  at  the  first  cycle  of  charge/discharge  at  different  discharge  current  densities 
(10,  20,  40  and  BOmAg^1)- 

dehydriding  process  and  this  drives  to  zero  the  hydrogen  concen¬ 
tration  in  the  alloy  particle  surface,  while  the  core  still  contains 
a  hydride  phase.  This  effect  is  anticipated  for  high  discharging 
rates  implying  that  at  the  cut-off  potential  the  amount  of  hydro¬ 
gen  remaining  inside  the  particles  is  larger  for  higher  discharging 
current  densities.  This  phenomenon  was  confirmed  by  an  exper¬ 
iment  with  the  Mg49.oNi49.oPt2.o  alloy,  in  which  the  discharge 
at  a  high  current  density  (80mAg-1)  was  followed  by  a  sec¬ 
ond  discharge  at  a  low  current  density  (lOmAg-1),  as  shown 
in  Fig.  8.  This  experiment  showed  that  the  amount  of  hydride 
remained  inside  the  alloy  after  discharging  at  80mAg-1  still 
represents  ca.  70 mAhg-1. 

Table  1  shows  values  of  discharge  capacities  for  the  first 
(Ci)  and  tenth  (Cio)  charge/discharge  cycles,  measured  at 
different  discharge  current  densities  for  the  MgsoNiso  and 
Mg49.oNi49.oPt2.o  alloys.  For  both  alloys  it  is  observed  that  the 


Fig.  8.  Electrode  potential  vs.  discharge  capacity  curves  for  the 
Mg49.oNi49.oPt2.o  alloy  first  discharged  at  a  high  current  density  (80mAg-1) 
and  the  at  low  discharge  current  density  (lOmAg-1). 
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Table  1 

Cycling  dischargeability  of  the  MgsoNiso  and  Mg49.oNi49.oPt2.o  electrodes  measured  at  different  discharge  current  densities 


Discharge  current  (mA  g  1 ) 

Mg5oNi5o 

Mg49.oNi49.oPt2.0 

Ci  (mAhg-1) 

Cio  (mAhg  *) 

Cio/Ci 

Cl  (mAhg-1) 

Cio  (mAhg  *) 

Cio/Ci 

to 

363.93 

100.40 

0.27 

364.28 

218.18 

0.60 

20 

369.26 

126.42 

0.34 

363.50 

234.84 

0.64 

40 

300.46 

89.36 

0.30 

324.59 

187.37 

0.57 

80 

236.36 

73.60 

0.31 

292.87 

137.40 

0.47 

Ci  and  Cio:  discharge  capacities  at  the  first  and  tenth  cycles,  respectively. 


measured  initial  discharge  capacities  (Cj)  and  those  at  the  10th 
cycle  (Cio)  increase  with  the  decrease  of  the  discharge  current 
density.  The  performance  degradation  for  the  Mg49.oNi49.oPt2.o 
alloy  were  attenuated  drastically  at  all  current  densities  com¬ 
pared  to  MgsoNiso.  Also,  particularly  in  the  case  of  the  Pt- 
containing  alloy,  the  C10/C1  ratios  increase  with  the  decrease 
of  the  discharging  current  densities  down  to  20mAg_1,  after 
which  the  tendency  is  reversed.  This  result  seems  to  indicate 
that  the  values  of  the  discharge  capacities  are  dependent  of  two 
factors:  the  rate  of  the  hydrogen  diffusion  in  hydride  phase,  as 
mentioned  above,  which  raises  the  measured  discharge  capacity 
for  low  current  densities  and;  the  exposition  time  of  the  alloy  to 
the  electrolyte,  which  enhances  the  alloy  corrosion,  decreasing 
the  discharge  capacity  when  lower  discharge  current  densities 
are  employed.  A  compromise  between  these  two  opposite  ten¬ 
dencies  seems  to  be  reached  at  a  discharge  current  density  of 
20  mA  g~ 1 . 

Fig.  9  shows  the  XRD  patterns  for  the  MgsoNiso  and 
Mg48.5Ni48.5Pt3.c1  alloys,  after  10  charge/discharge  cycles.  As 
also  shown  for  the  uncycle  alloys  (Fig.  1 )  broad  bands  and  broad¬ 
ened  diffraction  peaks  are  seen  indicating  that  the  predominant 
amorphous  structure  is  maintained  after  cycling.  The  phases 
present  after  cycling  were  identified  as:  Mg2Ni,  Mg(OH)2  and 
Pt.  In  the  Mg48  sNLig.sPts.o  alloy  the  peak  intensity  of  the 
nanocrystalline  MgND  phase  is  more  intense  than  for  the  cycled 


•  Mg2Ni 

♦  MgNi2 
□  pt 


nj 

d 


</) 

c 

<1) 


Mg  Ni  Pt 

y48.5  48.5  3.0 


y  \ 

//v'  l\v  M95oNiso 


m J *'r 


Fig.  9.  X-ray  diffraction  patterns  for  the  cycled  MgsoNiso  and  Mg48.sNi48.sPt3.o 
alloys. 


MgsoNiso  and  also  for  the  uncycled  Mg48.5Ni48.5Pt3.0-  This 
result  may  indicate  that  the  presence  of  Pt  induces  a  partial  crys¬ 
tallization  of  some  of  the  amorphous  MgNi  phase,  when  the 
alloy  is  subjected  to  repeated  hydriding/dehydriding  cycles. 

Previous  studies  concerning  the  stability  of  Mg-Ni  alloys  in 
alkaline  electrolyte  reported  that  the  formation  of  Mg(OH)2  on 
the  surface  of  the  Mg-Ni  particles  during  the  electrochemical 
cycling  plays  a  major  role  on  the  degradation  of  the  discharge 
capacity  of  the  electrodes  [6].  This  deleterious  effect  of  the 
Mg(OH)2  phase  has  been  attributed  to  the  reduction  of  the 
electron-transfer  reaction  rate,  decreasing  the  overall  rate  of  the 
hydrogen  desorption  [17].  The  addition  of  other  transition  metal 
elements,  such  as  Ti,  Pd  and  Zr,  among  others,  has  been  reported 
to  improve  into  some  extent  the  electrochemical  stability  of  the 
Mg-Ni-based  alloy  electrodes  [5-7,18].  When  the  properties  of 
the  Mg-Ni-Pt  ternary  alloys  are  compared  to  those  of,  for  exam¬ 
ple,  Mg-Ni-Ti  alloys  [5]  with  approximately  the  same  Mg/Ni 
atomic  ratio,  it  is  noted  that  the  initial  discharge  capacities  for 
the  Mg-Ni-Pt  alloys  are  smaller  than  those  for  the  Mg-Ni-Ti 
alloys.  However,  it  is  clearly  observed  that  Pt  is  as  effective  as  Ti 
for  improving  the  electrode  cycle  life,  as  seen  from  the  Ciq/C\ 
values.  Results  show  that  Mg0.95Ti0.05Ni  alloy  retains  62%  of 
its  initial  charge  capacity  after  10  cycles,  while  the  Mg49Ni49Pt2 
alloy  retains  64%. 

In  the  case  of  Ti,  the  formation  of  a  protective  thin  film 
of  titanium  oxide  has  been  considered  as  responsible  for  the 
improvement  of  the  electrode  stability  in  alkaline  medium  [5], 
These  oxide  films  may  retard  the  formation  of  the  Mg(OH)2 
phase  improving  the  lifetime  of  the  electrode.  In  the  present 
case,  the  improvement  of  the  metal  hydride  alloy  stability  may 
be  due  to  an  enrichment  of  Pt  on  the  Mg-Ni  particle  surface. 
Due  to  the  high  stability  of  metallic  Pt  in  alkaline  medium,  the 
Pt-rich  surface  layer  may  act  as  a  protective  coat  for  the  Mg  in 
the  bulk  of  the  particle,  retarding  the  formation  of  the  Mg(OH)2 
phase. 

4.  Conclusions 

XRD  and  TEM  analyses  revealed  that  the  Mg-Ni-Pt  alloys 
are  composed  by  both,  amorphous  and  nanocrystalline  phases, 
with  average  crystallite  sizes  of  approximately  5  nm.  After 
lOcharge/discharge  cycles,  the  predominant  amorphous  struc¬ 
ture  is  maintained,  but  the  peak  intensity  of  the  nanocrystalline 
Mg2Ni  phase  is  more  intense  than  for  cycled  MgsoNiso  or  for 
uncycled  Pt-containing  materials.  This  result  indicates  that  the 
presence  of  Pt  induces  some  crystallization  of  an  amorphous 
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MgNi  phase,  when  the  alloy  is  subjected  to  repeated  hydrid- 
ing/dehydriding  cycles.  The  features  of  the  XANES  spectra  at 
the  Ni  K-edge  for  the  uncycled  alloys  were  consistent  to  a  disor¬ 
dered  amorphous  structure  hosting  the  Ni  atoms.  It  is  also  seen 
that  the  presence  of  Pt  did  not  change  the  electronic  properties 
of  the  Ni  and  eventually  of  the  Mg  atoms. 

The  data  of  the  discharge  capacities  as  a  function  of  the  cycle 
number,  measured  at  different  discharge  current  densities,  indi¬ 
cate  that  the  magnitude  of  the  discharge  capacities  depend  on 
two  factors:  the  rate  of  the  hydrogen  diffusion  in  hydride  phase 
which  raises  the  discharge  capacity  for  low  current  densities 
and;  the  exposition  time  of  the  alloy  to  the  electrolyte,  which 
enhances  the  alloy  corrosion,  decreasing  the  discharge  capacity 
when  low  discharge  current  densities  are  employed. 

In  summary,  considering  both,  the  maximum  discharge 
capacity  and  the  cycle  life,  the  best  electrochemical  performance 
was  achieved  with  the  Mg49.5Ni49.5Pt2.c1  alloy.  This  positive 
effect  of  Pt  on  the  stability  of  the  alloys  may  be  associated  to 
an  enrichment  of  the  particle  surface  with  Pt,  retarding  the  for¬ 
mation  of  Mg(OH)?.  Further  research  is  under  progress  aiming 
to  fully  characterize  the  role  of  Pt  on  the  improvement  of  the 
Mg-Ni  cycling  properties. 
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